Cardiac output was determined by impedance cardiography (Q(imp)) and a rebreathing method (Q(reb)) during exercise of loads up to 90W. The correlation between Q(imp) and Q(reb) was generally good, but it was found in two of four subjects that Q(imp) was slightly lower than Q(reb) at the higher exercise levels. The regression equation for both Q values was: Q(imp) = 0.91 Q(reb) + 0.25 (l/min, r=0.87, p<0.001).
have determined cardiac output (Q) during exercise continuously by adopting an ensemble averaging technique to impedance cardiography. Although the use of impedance cardiography for such a pupose has been recently validated in comparisons with a C02 rebreathing method (Du QUESNAY et a!.,1987) , unpublihsed data of ours suggest that the method may offer rather low Q values when determined during severe exercise. Thus, in this study the accuracy of Q determined by the impedance method is compared with that determined by the new rebreathing method developed by MOCHIzuKI et al. (1984) .
Four healthy laboratory staff ranging in age from 23 to 39 years volunteered as subjects in the experiment. Wearing elecrodes for ECG and impedance cardiography in their respective positions on the thorax, the subject took an upright seated position on a bicycle ergometer (Lode, Groningen). Impedance changes in the thorax were picked up by an impedance cardiograph (AI-601G, Nihon Kohden, Tokyo). The impedance signals for 30 cardiac cycles were ensemble-averaged to eliminate respiratory and motion artifacts during exercise, according to the principle described by MIYAMOTO et al. (1981) . Stroke volume (SV) was calculated using the formula of KUBICEK et al. (1966) . The resistivity of the blood was predicted from the hematocrit of the subject using the formula presented by TANAKA et al. (1970) . SV times heart rate (HR) gave minute cardiac output (Q). These variables were automatically calculated by a microprocessor designed for this purpose in our laboratory.
Cardiac output was also degermined by the new rebreathing technique developed by MocHlzuK! et al. (1984) . A comparison between the Q values determined by this method and the direct Fick method resulted in a correlation coefficient of 0.88 (MocHizuK! et a!., 1984) , thus validating the new technique. The Q obtained using this method is referred to as Q(reb) in the following description, while Q obtained from the impedance method is referred to as Q(imp).
The subjects performed a series of exercises at different levels, i.e., 30, 60, and 90W. Exercise at each level was carried out at a constant pedalling rate of 30 revolutions per min, and lasted for 10 min. Cardiac output was measured during the last 1 min. In order to avoid the influence of fatigue, an adequate break was inserted between these exercises. The exercise series was repeated four times for two of the subjects and eight times for the other two. g(imp) was found to be significantly smaller (p <0.05) than g(reb) by an average of 8-9%, when exercise was in excess of 60 W (see Table 1 ). Figure 1 shows .a comparison between g(imp) and g(reb) for individual subjects. Two subjects showed a slightly lower g(imp) than g(reb) at the higher exercise range, while the other two showed good agreement at all the exercise levels tested. The regression equation for all points from all subjects was: g(imp) = 0.91 g(reb) + 0.25 1/mmn (r = 0.866, p <0.001).
g(reb) and g(imp) were also plotted as a function of Vo2 ( Fig. 2A, B) . Since Q under submaximal physical work is known to increase linearly with oxygen consumption (AsTRAND et al., 1964) , these relationships offer another key for evaluating the accuracy of the methods tested. Again, there appeared to be a tendency for g(imp) to give slightly lower values than the values predicted from Vo2 at the higher level of exercise. The regression lines as a whole were: Vol. 39, No. 3, 1989 The correlation between (imp) and Q(reb) was found to be good (r = 0.85-0.96) for exercise up to 90W. DU QUESNAY et al. (1987) have recently reported that the relationship between the cardiac outputs obtained by a C02 rebreathing and impedance methods, while subjects breathed spontaneously, was linear over the range of Q from 7 to 26 1/mmn (r = 0.93). These authors concluded that impedance cardiography can determine the Q value rather precisely within the exercise range up to 200W, when (imp) is corrected by adopting the value obtained by the C02 rebreathing method. We observed, however, in two of the four subjects a slightly lower (imp) than Q(reb) when exercise was severe (Table 1 and Fig. 1 ). Relatively lower Q values at the higher exercise level was also suggested from the Q(imp)-V02 diagram (Fig. 2) . KOBAYASHI et al. (1978) pointed out that the impedance method underestimates Q in some subjects when determined after heavy, long-lasting exercise, because of an increase in the resistivity of the blood as a result of increased hematocrit. Since the present exercise was rather moderate and lasted only 10 min, it seems unlikely that such a change in hematocrit took place. The impedance of the thorax depends on anatomical factors such as the ratio of its height to circumference, and the relative position of the heart and large vasculatures within the thorax to the electrodes. It is speculated that such anatomical differences between individuals may be responsible for the error of (imp) in some subjects, since this factor is not corrected in the formula of KUBICEK et al. (1966) . Further investigation is required and one should bear in mind that some subjects may show a low Q(imp) value even at a moderate exercise level. A: the relationships between cardiac output determined by the impedance (g(imp)) method and oxygen uptake (V02) . The regression equation for all points is: g(imp) = 5.41 VoZ + 4.30 (l/min, r = 0.858, p <0.001). B: the relationships between cardiac output determined by the rebreathing (Q(reb)) method and oxygen uptake (V02) . The regression equation for whole points is: 0(reb) = 5.37 VoZ + 4.98 (l/min, r = 0.905, p <0.001). The dotted line represents the regression line reported by ASTRAND et al. (1964) for the relationship between Q determined by dye dilution and VoZ. Subj. A, B, C, and D correspond to the subjects KU., K.I., K.N., and IS. given in Table 1 . Vol. 39, No. 3, 1989 
